Abstract-Emerging Research Institutions (ERIs) can benefit from patent licensing revenues from the transfer of patented technologies into the commercial marketplace because these added revenues can help research institutions become more sustainable financially. However, many ERIs struggle to succeed in technology transfer. This study describes the development of a university technology transfer supply chain network sustainability tool that private and public ERIs can use to become more self-reliant financially. Historically black colleges and universities (HBCUs) are ERIs and are used as a case study. HBCUs lag behind their peer non-HBCUs because historically they have been under-served and were originally established largely as teaching and blue-collar trade schools. Some doctoral HBCUs desire to strengthen their research activities. Systems dynamics is the process of combining the theory, method, and philosophy necessary to analyze the behavior of a system in order to provide a common foundation that can be applied whenever it is desired to understand and influence how things change over time. Applying the systems dynamics approach, a budget resource planning tool was developed using a linear programming optimization technique. This study illustrates that classic industrial uses of linear programming optimization techniques can uniquely be used to optimize budget resource planning for sustainable HBCU supply chain networks and other emerging research institutions. This study contributes to the improved execution of technology transfer projects through better budget resource planning.
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MANAGERI AL relevance statement-Technology transfer is a subset of technology management. The purpose of planning budget resources in tech transfer is to provide financial information, analysis, and planning support to assist with managerial decision making in alignment with the research organization's tech transfer mission and goals. The benefit to a tech the economic development in their regions. However, not all American universities have excelled in the management of their technology transfer projects. As one may imagine, the well-established research institutions perform better than the emerging research institutions as evidenced by the Association of University Technology Transfer Managers (AUTM) annual licensing survey data.
The Federal Demonstration Program (FDP) of the National Academies is a program convened by the Government-University-Industry Research Roundtable (GUIRR) which is an organization housed in the Policy and Global Affairs Division of the National Research Council [4] . As defined by the FDP, Emerging Research Institutions (ERIs) are institutions that are relatively new to managing federal funds whose federal research obligations for engineering and science to institutions of higher education are less than $20 million annually in federal R&D funding as listed in the National Science Foundation (NSF)'s National Center for Science and Engineering Statistics website (formerly, the Science Resources Statistics (SRS) website). In addition, ERIs are at least funded by two (2) federal FDP federal agencies [5] . For the purpose of this research, a non-HBCU is defined as any accredited university that is not a HBCU or any other Title III institute of higher learning. As of the year 2014, nearly all of America's Historically Black Colleges and Universities (HBCUs) are ERIs; and only 0.87% of the nonHBCUs are ERIs.
Between 1994-1996, the US Air Force funded a study about how the air force could best provide technical assistance to Minority Servicing Institutions (MSIs) and HBCUs [6] . The study included 15 MSIs and 25 HBCUs. Thirty-four (34) had Offices of sponsored research. The barriers that the study participants listed included:
1. having limited resources; 2. heavy teaching loads; 3. small or no sponsored research program offices; 4. ineffective research infrastructure (lab facilities and equipment); 5. inefficient know-how on research funding opportunities; and 6. inefficient know-how about their faculty's matching fund capabilities, and ineffective grant proposal writing skills [6] .
The US Air Force study included a workshop. At the 1996 workshop, the participated debated whether or not HBCUs and MSIs should just focus on teaching and not engage in research at all [6] . The resulting sentiment was that such a debate would not help their situation and progress.
Thirteen (13) years later, the same challenges were expressed by a new group of HBCU study participants as part of an ERI study which was very similar to the 1996 US Air Force study [7] . As evidenced by the AUTM annual licensing survey, these ERIs have not made any progress in technology commercialization. In addition, whether the HBCUs have sponsored research infrastructure has been studied. However, the use of better resource planning for technology transfer project activities has not been studied.
The lack of progress being made by these ERIs is the motivation for this study. HBCUs lag behind their peer non-HBCUs because historically they have been under-served and were originally established largely as teaching and blue collar trade schools [8] , [ 9] . Any tool which can be developed to help these ERIs better manage and optimize the use of their limited resources could be used to help any ERI and other public and private institutions which are emerging in research outside of the higher education arena more generally.
It is well established that supply chain management (SCM) focuses on value producing activities and processes. This is what these ERIs desperately need. Thus, this empirical study seeks to view university technology transfer in a novel way as a supply chain network for which the theory of distribution management can be applied. Most of the research in SCM addresses problems from a tactical standpoint. So, a major challenge is to increase research focused on the development of models for the strategic and tactical planning of SCM [10] . When old paradigms lose their effectiveness, one of the reasons leaders do not solve problems right away is the lack of technological tools [11] . Optimization and advanced optimization tools can be developed to address problems with university technology transfer and to level the playing field for HBCUs.
I. THEORETICAL FRAMEWORK
Theoretical frameworks provide a structure to support explanations for why research problems exist. The problem here is that there is a lack of HBCU engagement in tech transfer.
As per the social comparison theory [13] , individuals satisfy their fundamental need for accurate certainty and cognitive limpidness by finding information about the accurate certainty of their opinions and the accuracy of their abilities by sizing themselves up to others [14] . HBCUs can learn technology transfer from non-HBCUs. They can compare themselves to the non-HBCUs and improve. According to Leon Festinger, the need for comparisons to similar others leads to affiliation, pressure toward uniformity in groups, and a unidirectional drive upward that leads to competition. Upward comparisons are with individuals or groups that are believed to be better, and downward comparisons are with those that are believed to be worse off [15] . If a group believes that their own abilities and efforts do not measure up, they may be motivated to make improvements. However, it can be difficult to integrate theories when there are differences in philosophies, ideas, constructs and presumptions [19] . Further, theory triangulation is the analysis of data from more than one perspective, hypotheses and/or theories [20] ; and it is rarely used [21] . Nevertheless, using theory triangulation and integration, the Social Comparison Theory (SCT) and Theory of Distribution Management (TDM) are joined.
The TDM is a business management theory that states that since institutions are so interlaced, system dynamics influences the function of product R&D, promotion and sales [1] . It is a system dynamics idea applied to production distribution as noted in Forrester's 1961 book Industrial Dynamics [22] . System dynamics is the process of combining the theory, method and philosophy necessary to analyze the behavior of a system in order to provide a common foundation that can be applied whenever it is desired to understand and influence how things change over time [2] . The 1958 introduction of the Theory of Distribution Management is believed to be the first instance of a reference to SCM [1] . Supply chains are "networks" of three (3) or more organizations involved in downstream and upstream linkages. The supply chain includes value producing activities and processes. The valuables are products and services delivered to consumers that enhance performance [1] , [23] , [24] . The traditional SCM view is to move goods or services in a tactical manner as a cost center. University tech commercialization is a supply chain network because it is comprised of three or more organizations (i.e., the research labs, Technology Transfer Office (TTO) and industry partners that patented inventions are licensed to) as shown in Fig. 1 [24] . Best value sales deals are more like teaming agreements and participants are encouraged to take the time to sit together and agree on anticipated business levels [24] .
In the university tech commercialization supply chain, the supplies are patented inventions demanded by licensing partners. In this novel view the technology transfer process as a supply chain, as listed in Table 2 , a network node is a TTO distribution center (TDC), lab, or TTO store. The supply chain can begin with one or more labs and end with one or more TTO stores. The TDC's satisfy TTO stores' and demands from the marketplace.
Very little has been written about tech transfer as a supply chain network. However, product development has been recognized as a fundamental link in the technology supply chain [25] . Further, it has been proposed that product tech transfer effectiveness is greatest when companies delicately match the technology types that they want to transfer with their industrial supplier relationships in interorganizational interactions [25] .
If tech transfer is viewed from this supply chain lens, the demand for invention disclosure evaluations related to supply chain processes such as the demand forecast methods and demand arrival processes that are dedicated internal resources. In this context, university tech managers are supply chain managers aiming for efficiency to maximize licensing revenues. TTOs are impacted by inventory reduction and fill rates, customers' satisfaction, revenue loss; and the costs for inventory, managing resources are the most significant tasks of a capable supply chain manager. Further, in traditional supply chains, in order to protect against defects, unstable production, supply and demand imbalances, and uncertainties, inventory is held [26] . This tight inventory control is not the goal in university technology transfer. But, minimizing the time to evaluate invention disclosures, minimizing costs, and maximizing licensing revenues are issues for TTOs. In addition, university tech transfer is a process oriented professional industry. Interestingly, there is a need for future research in SCM planning and scheduling in process industries [10] , [27] . Few supply chain operation scholarly contributions deal with process industries [10] , [28] . Thus, university tech transfer supply chains are complex network systems. Modelling and simulation can be used to investigate, find optimal solutions, and predict outputs in such complex networks.
Financial resource planning is a best practice in tech transfer. Patenting and marketing to potential industry licenses is very expensive. This is a real problem and balancing act for TTO directors [29] . With each invention disclosure, TTOs must decide whether to invest funds, patent and market the technology quickly or they miss opportunities. A study of TTO directors revealed that 20.3% of the TTOs have to be selfsufficient and fund at least 50% of their operating budgets [30] . Thus, budget resource planning is crucial for all research universities and this is even more crucial an issue for budget strapped HBCUs. The level of resources committed to university tech transfer programs is the greatest determinant of success [31] .
The development of the proposed Budget Resource Planning Tool is Table 2 provides an analogy between the elements of a typical, traditional supply chain and the proposed tech transfer supply chain network; and as aforementioned, Fig. 1 shows a proposed university technology transfer supply chain network.
A Supply Chain Network (SCN) is a master operational network involving geographically dispersed resources [10] . In the university tech transfer process, these resources come from geographically dispersed research centers on and off campus. This SCN also involves geographically dispersed market places. In university tech transfer, the geographically dispersed markets are represented by geographically dispersed industry partners.
The research labs' faculty inventors submit completed invention disclosure forms to the TTO distribution center. Once inventions are ready for tech commercialization, the TTO distribution center submits the invention to the TTO store as shown in the conceptual model for the university technology transfer supply chain network in Fig. 1 . the focus on environmental management and operations has moved from local optimization of environmental factors to consideration of the entire supply chain [38] In case studies, it is useful to examine the supply chain in its entirety [39] . Thus, the entire university technology transfer supply chain is considered herein.
The TTO store and distribution centers are Suppliers. The literature review revealed that 72% of the TTOs have three (3) or fewer full time equivalent (FTE) staff members [40] . The larger well regarded TTOs have staffs of 4 to 6.5 FTEs per $100 million of extramural research awards [31] . In the university technology transfer supply chain network, each TTO staff person can be a supplier that seeks to meet customer demands. The TTO staff may pitch patented inventions and travel to the potential industry partners; or these potential customers may come to the TTO store. Thus, their interchange is shown in Fig. 2 as bidirectional. This is a dense network because each supplier can work to supply each industry partner customer's Demands. S i , Suppliers are TTO staff persons D j , Industry partner customer demands C j , TTO invention capacity C ij , Cost that Suppliers i incur when interacting with customers j x ij, Licensing deals Common university tech transfer costs include the legal costs of patenting; and the TTO staff labor costs. The TTO staff persons are typically the individuals who work to negotiate licensing deals between their university and the industry partners that are seeking to license university technology. Fig. 1 illustrates this university tech transfer supply chain network. 
B. Development of a Licensing
Revenue Optimization Model The second step is the use of the classic supply chain warehouse shipment transportation model, a simple linear programming model was developed to maximize the licensing revenues between suppliers i and customers j in order for TTOs to recuperate licensing costs. The costs include TTO labor and patenting legal fees.
C. The Classic Warehouse
Shipment Transportation Model Before explaining the method used to develop a linear programming optimization tool to maximize university technology licensing revenues between the Suppliers i to the Customers j (i.e., Industry Partners) with Demands Dj, an explanation of the classic warehouse shipment transportation model is necessary. The classic supply chain warehouse shipment transportation model can be solved with Excel Solver as illustrated in Table 3 .
Here are the variables in the Classic Transportation problem [41] : F i -Fixed Costs S i -Supply D j -Demand from each customer X ij -the amount shipped from i to j (i.e., from supplier i to customer j) M ¼ a large value ¼ S i C ij ¼ unit transportation cost from i to j
The objective function is to minimize the transportation costs:
subject to (s.t.) the following constraints:
(i.e., amounts to be shipped from i to j need to be greater than the demand) X j Xij S i (3) (i.e., amounts to be shipped from i to j need to be less than or equal to supplies)
(i.e., if this is positive, this logical constraint, the M Y i must be positive and Y i must be equal to one)
Y i 2 ð0; 1Þ (6) 1 if the warehouse is opened and 0 otherwise.
Rows 1, 2 and 3 in Table 3 contains transportation cost data for shipping supplies from Warehouses (i) 1, 2 and 3 to their destinations. The destinations are the Customers (j) A, B, C and D denoted by the columns in In Excel Solver, the total cost of shipments to all of the Customers from all of the Warehouses is minimized by changing the values of the cells in the lower matrix of Table 3 . The Customer demands satisfied are computed and entered into Row 9. The row totals for the Warehouses rows 5, 6 and 7 are also computed and represent the amount shipped out of each Warehouse and received by the Customers.
Next, the constraints are specified in Excel Solver. The goal is to make sure that the amount received by the Customers is equal to or more than Column Totals 8000 10000 12000 9000 9
Total cost $13,830 Source: [41] what is actually demanded. Recall that the Customer demand totals are in (7) s.t. the following constraints:
(i.e., amounts of patented inventions to be licensed from i to j need to be greater than the demand)
(i.e., amounts of patented inventions to be licensed from i to j need to be less than or equal to supplies)
In addition, each supplier (i.e., licensing specialist) would realistically not close more than five (5) deals per year; and should close at least five (5). If there is at least one prospective customer per month out of the year (12 total), each would not likely license more than two (2) patents but would likely be interested in at least one (1). This type of supply chain may be considered a service supply chain rather than a product supply chain. The next step in developing the budget resource planning tool is cost and supply capacity data collection.
The third step was the collection of cost and supply capacity data. The social comparison theory teaches that entities are most likely to emulate other entities that are in the same geographic location and that are of similar ability [13] . Applying the social comparison theory, nine (9) The mean value of the total patented inventions owned by the non-HBCUs was also divided between the three (3) TTO staff suppliers. This value was used as patent inventory. The benchmark for the number of licensing deals (determined once the benchmarking tool was developed) was used for the total demand from customers.
The customer demands are defined by the number of patented inventions customers are willing to license per year. Each customer would typically license one patented invention. Alternatively, the customer demands can be defined in terms of the amount of money they are willing to invest in a licensing deal. Microsoft Excel Solver was used to compute the optimum number of licensing deals given the objective of maximizing the TTO supplier revenue in an effort to recuperate patenting and TTO labor costs.
The last, fifth step is model validation.
There are several approaches to model validation [42] . In statistics, the standard method to estimate uncertainty is to perform the experiment multiple times and independently. "The scatter in the differences between model prediction and the experimental observation can be used to make estimates about the statistics of the uncertainty" (Hills, 1999 
III. RESULTS
One (1) [45] . The non-HBCU selection criteria was to find schools of similar ability based on student enrollment and therefore the school's ability to attract and enroll a certain number of students. Similar ability was also based on having lower licensing revenues. The second criterion was that the selected non-HBCUs had to be in the same geographic location. Thus, the non-HBCUs were selected from the same 17 states that the 24 HBCUs were located in. Third, there had to be available data for measurable and objective technology transfer data such as that provided by the AUTM annual licensing survey.
From these SCT lessons and criteria, the following nine (9) 
In addition, each supplier (i.e., licensing specialist) would realistic not close more than 5 deals per year.
Cost and supply capacity data was collected. The patenting and licensing costs are legal expenditures that are reported in the AUTM annual licensing survey [46] . 
VI. CONCLUSION
The traditional supply chain network from product manufacturing to customer sales and support is not the same as for the proposed university technology transfer supply chain network and its required distribution management. The primary difference is that in the traditional supply chain network, there is typically mass production and mass sales volumes in a steady stream of supply and demand that needs to be managed. However, on the contrary, in the university technology transfer supply chain, there are occasional transfers of patent products [25] .
Having a financial resource planning system is a best practice in tech transfer. With regard to the novel view of university tech transfer as a supply chain network, budget resource planning using the proposed linear programming optimization tool is a viable way toward sustainability of university technology transfer supply chain networks. Use of budget resource planning can be tested with future research to measure the development and sustainability of HBCU tech transfer supply chain networks. Patenting and marketing to potential industry licenses is very expensive. This is a real problem and balancing act for TTO directors [29] .
With each invention disclosure, TTOs must decide whether to invest funds, patent and market the technology quickly or they miss opportunities. A study of TTO directors revealed that 20.3% of the TTOs have to be selfsufficient and fund at least 50% of their operating budgets [30] . Thus, budget resource planning is crucial for all research universities and this is even more crucial an issue for budget strapped emerging research institutions such as HBCUs. The level of resources committed to university tech transfer programs is the greatest determinant of success [31] . This study illustrates that classic industrial uses of linear programming optimization techniques can uniquely be used to optimize budget resource planning for sustainable HBCU supply chain networks. It is also applicable to other emerging research institutions.
